Background Little is known about intraarticular pathology following THA prior to the radiographic appearance of osteolysis, primarily due to imaging limitations. MRI has recently been applied to imaging the postarthroplasty hip with the ability to detect periarticular bony and soft tissue pathology; specifically, it is able to detect abnormal synovial patterns and focal bone loss well before the radiographic appearance of osteolysis. Questions/purposes We therefore used MRI to determine the incidence of early reactive synovitis and osteolysis in asymptomatic patients after THA, and whether there is an association between these MRI findings and clinical outcomes or radiographic wear measurements at this early stage. Methods We recruited 31 patients (33 hips) who underwent routine noncemented THA with one of three types of bearing surfaces: metal-on-cross-linked polyethylene (n = 7), ceramic-on-ceramic (n = 12), and ceramic-on-cross-linked polyethylene (n = 14). Patients underwent specialized MRI at a minimum of 12 months (mean, 23 months; range, 12-37 months) after surgery. MR images were analyzed for the presence of synovitis or osteolysis. WOMAC scores, patient assessment questionnaires, and radiographic wear measurements were correlated with MRI findings. Results Reactive synovitis was observed in 13 of 33 patients (39%) and focal osteolysis in one of 33 (3%). The presence of synovitis did not correlate with pain, activity level, patient satisfaction or clinical outcome scales, nor did it correlate with radiographic wear measurements at early followup. Conclusions Our observations suggest reactive synovitis is common yet asymptomatic at short-term followup. We do not know either the etiology or the long-term implications of these observations.
Introduction
Wear-induced particle disease and subsequent osteolysis have been called the dominant problem in THA [20, 45] , and are among the leading causes of revision surgery [6] . Our understanding of this biologic process is improving, but there is still much that is unknown about intraarticular pathology prior to the radiographic appearance of osteolysis. Historically, the study of intraarticular hip pathology has been hampered by a lack of sensitive methods of detection. Radiographs underestimate bone loss due to osteolysis, with sensitivity for lesion detection ranging from 15-72% depending on size and location [5] . They are also limited by poor interobserver reliability [14, 44] . Although there have been advances in the radiographic analysis of wear rates [16, 31] , these methods still provide indirect evidence of biological reactions and intracapsular pathology. CT offers improved sensitivity and accuracy in the detection of osteolytic lesions [30, 40] , but due to limited soft tissue contrast, it is generally unable to detect synovitis. CT is also accompanied with the disadvantage of ionizing radiation, and methods to reduce the beam-hardening artifact generated by the components require increased doses of radiation.
MRI is a relatively new technology for imaging total joint arthroplasty. In recent years, there have been numerous studies examining its role in imaging THA [3, 7, 38, 39, 46, [50] [51] [52] . MRI is effective for detecting periarticular bony and soft-tissue abnormalities in patients with a postarthroplasty hip [3, 39, 46, 52] , as well as determining the source of enigmatic hip following THA [7] . Due to its direct multiplanar capabilities and superior soft-tissue contrast, MRI is able to visualize intracapsular synovitis [7, 39, 52] and is more sensitive in the detection of osteolytic lesions than radiographs or CT [50, 51] . Specifically, the ability of optimized MRI to detect wear-induced particle disease in the postarthroplasty hip has been documented in two studies that have corroborated this MRI finding with tissue pathology [39, 52] . Given osteolysis involves inflammation, by the time osteolysis is visible radiographically, considerable inflammation has occurred over a period of time. When this inflammation begins is unknown.
We therefore used MRI to determine (1) the incidence of early reactive synovitis and osteolysis in asymptomatic patients after THA; (2) if there is an association between MRI-detected synovitis and early functional scores; and (3) if there is an association between synovitis and implant wear.
Patients and Methods
We retrospectively reviewed prospectively acquired data. Patient enrollment began in December 2006, from a group of 349 patients who had undergone primary THA from September 1, 2004 through August 31, 2006 performed by one of two surgeons (ASR, CSR). One hundred eighty of these 349 patients were between 40 and 65 years old at the time of surgery. We chose a younger population than the average THA population, as particle disease is of greater clinical concern in patients who are more active and expect a longer survival of their prosthesis. Enrollment was offered to all patients in three separate mailings; 31 patients (17%) with 33 THAs elected to participate in this study. The remaining 149 patients either declined to participate or did not respond to enrollment attempts. Fourteen patients were men and 19 were women. The average age was 56.1 years (range 43.4-64.9) at the time of surgery. All patients had a preoperative diagnosis of degenerative osteoarthritis. They were asked to undergo MRI 1 to 3 years after their index procedure, to evaluate an early period well in advance of the time when radiographic osteolysis and wear disease are commonly believed to occur [20] . The mean time between surgery and the MRI was 23 months (range, 12-37 months). Prior to patient enrollment, approval for this study was obtained from the Institutional Review Boards at both institutions involved in the research. All patients gave informed consent to participate in the study.
Surgeries were performed using a standardized protocol throughout the preoperative, perioperative, and postoperative course. A posterior approach to the hip was utilized, and fixation was obtained using a noncemented technique. All patients were implanted with a single implant design (Accolade TMZF stem and Trident acetabular shell; Stryker Orthopaedics, Mahwah, NJ); however, the choice of bearing interface was individualized according to surgeon or patient preference. Over the study period, three combinations of bearing surfaces were used: (1) metal-onpolyethylene (Crossfire1 ultra-high molecular weight polyethylene; Stryker Orthopaedics, Mahwah, NJ); (2) ceramic-on-ceramic (Trident Alumina Ceramic; Stryker Orthopaedics, Mahwah, NJ); and (3) ceramic-on-polyethylene (BIOLOX Delta ceramic; CeramTec AG, Plochingen, Germany, on X3 polyethylene; Stryker Orthopaedics, Mahwah, NJ). The different types of highly cross-linked polyethylenes used reflect a change in the available technology over the study period.
Patients were administered clinical outcome questionnaires, including a Patient Assessment Questionnaire (PAQ) [41] and a Western Ontario and McMaster Universities Osteoarthritis (WOMAC) [1] Index, at the time of their enrollment into the study. The WOMAC is a validated clinical outcome measure [1] commonly used in patients who have undergone THA. WOMAC scores were transformed to a 0 to 100 point scale (100 being the best score). The PAQ is a clinical outcome assessment designed specifically to obtain better insight into the quality of patient results after total joint arthroplasty, with an emphasis on patient function and satisfaction; the PAQ is an unvalidated score.
Patients were followed up in the office at regular intervals of 6 weeks, 3 months, 1 year, and annually thereafter. At each followup visit, a physical examination was performed documenting range of motion and muscle strength around the affected hip. Radiographs performed at each postoperative visit included a low anteroposterior (AP) pelvis radiograph, as well as AP and false profile radiographs of the affected hip.
Two independent observers (ASR, CSR) examined the most recent radiographs for the presence of osteolysis. Two observers were used to account for the large degree of interobserver variability known to occur when examining plain radiographs for the presence of osteolytic lesions, when, at best, surgeons agree on the presence of lesions in 57% of zones, with j coefficients ranging between 0.28 and 0.44 [14] . In our study, there was no variability between the observations of these two surgeons in the detection of osteolytic lesions (j = 1.0).
MRIs were performed at a specialty center on a clinical 1.5 Tesla unit (HDx, General Electric Healthcare, Milwaukee, WI). Initial images were obtained with a body coil utilizing an initial coronal fast inversion recovery sequence with field of view 35 cm, repetition time (TR) 4500-5000 msec/echo time (TE) 17 msec (effective), inversion time (TI) 150 msec, receiver bandwidth 62.5 kHz (over entire frequency range), and slice thickness 5 mm with no interslice gap. Additional optimized coronal, sagittal and axial fast spin echo sequences (Fast spin echo XL, General Electric Healthcare, Milwaukee WI) were obtained using a four channel phased array receive-only shoulder coil (Med Rad phased array, Indianola, PA), with TR 3000 to 5000msec/TE 30 to 36 msec, with a wider receiver bandwidth 62.5 to 100 kHz over the entire frequency direction. Field of view ranged between 17 to 20 cm, slice thickness was 3 to 4 mm with no gap, and the matrix was 512 9 320 to 384 at 4 to 6 excitations, yielding a maximum in-plane resolution of 332 l. Total imaging time ranged between 35 to 40 minutes, depending upon patient size and the need for repetition of pulse sequences due to involuntary motion.
Following image acquisition, two of us (HGP, LFF) examined MR images for the presence of synovial reaction, as well as the presence of osteolysis around the prosthetic components. Implants were evaluated in three planes and the presence of osteolysis and/or synovitis was confirmed in at least two planes of imaging. MRI is well-documented in its ability to discern abnormal synovial patterns [8, 42] and is an accepted imaging modality for this purpose. Intermediate to decreased signal intensity in the synovial lining with distension of the joint capsule was indicative of reactive synovitis [7, 39] . These patients showed distention of the normally thin, hypointense pseudocapsule by coarse synovitis which had signal characteristics similar to those of the osteolytic material replacing the bone. Osteolysis was demonstrated by areas of marrow replacement of intermediate intraosseous signal intensity, with or without a peripheral rim of lower signal intensity [7, 39] . These focal areas of intermediate signal intensity contrast with the high signal intensity of the medullary fat on moderate echo time sequences and the low signal of suppressed fatty marrow on the fast short tau inversion recovery sequences. If either synovitis or osteolysis were present, one of us (HGP) manually segmented the intraarticular amount of synovitis and/or the volume of bone loss and recorded it on a dedicated work station using commercial software (Functool, Advantage Windows, General Electric Healthcare, Milwaukee, WI), as in prior studies [7, 39] . The accuracy of these methods has been previously established based on direct measurements, [50] where MRI was noted to have a 95.4% sensitivity and a 97.9% specificity for the detection and measurement of simulated osteolysis.
We attempted to correlate the volume of reactive synovitis or osteolysis with an established radiographic method of wear detection. The roentgen monographic analysis (Roman) method [43] is a computer-assisted method, designed to measure penetration of the femoral head into the acetabular component, that is the most precise and user-friendly computer-assisted method (Martell Hip Analysis Suite, Rogan HyperOrtho, Rogan View Pro-X, and Roman) of radiographic wear detection [16] .
The incidence and average volume of reactive synovitis and osteolysis were calculated for the overall cohort and for each of the three groups of bearing surfaces. Pearson's product-moment correlation coefficient was used to assess any correlation between the volume of reactive synovitis or osteolysis and WOMAC scores, as well as pain, stiffness, and function subscores. Spearman's rank order correlation coefficient and Pearson's product-moment correlation coefficient were used to asses for any correlation between the volume of synovitis or osteolysis and ordinal and interval PAQ items, respectively. The cohort was then divided into two groups based on the presence or absence of reactive synovitis. Independent means t-tests were used to examine for any clinical differences between these groups based on WOMAC scores. A chi-squared test of independence was used to detect any differences between the groups with regard to nominal data, a Mann-Whitney U test was used to detect differences between the groups with regard to ordinal data, and an independent means t-test was used to examine for any differences in scale data on the PAQ. Pearson's product-moment correlation coefficient was used to assess for any correlation between the Roman method of radiographic wear detection and the volume of particle disease detected on MRI. Subgroup analysis based on the type of bearing surface used was not performed to avoid committing a Type II error with such small groups.
Results
At 1 to 3 years, MR imaging consistent with reactive synovitis (Fig. 1) was seen in 13 of the 33 patients, for an overall incidence of 39% (Table 1 ). The average volume of this synovitis across the study cohort was 806 mm 3 (± 1526 mm 3 ), and the average volume of reactive synovitis for those in which it was present was 2046 mm 3 (± 1903 mm 3 ). One patient with a ceramic-on-ceramic hip demonstrated a minimal amount of periacetabular osteolysis (146 mm 3 ), located in the posterior column adjacent to the acetabular shell ( Fig. 2) . Femoral osteolysis was not seen in any patients. The overall incidence of osteolysis was 3%. No radiographic evidence of femoral or periacetabular osteolysis was detected in any of the patients' hips by either observer.
The volume of reactive synovitis was not associated with any of the clinical outcome measurements at this early postoperative period. The mean WOMAC score for all patients was 93.0 (± 4.9, range 83-100) out of 100. There was no correlation between the volume of reactive synovitis and WOMAC or PAQ scores ( Table 2 ). When the cohort was divided based on the presence or absence of reactive synovitis, we also failed to detect a difference in clinical outcomes. The overall WOMAC score (p = 0.76) as well as the pain (p = 0.99), stiffness (p = 0.54), and function (p = 0.60) subscores were similar between those with reactive synovitis and those without. Likewise, PAQ scores failed to detect any differences between the groups with regard to the presence of pain (p = 0.73), severity of pain (p = 0.28), frequency of pain (p = 0.44), frequency of limp (p = 0.14), difficulty with shoes or socks (p = 0.43), difficulty with personal care (p = 0.37), ability to perform household activities (p = 0.45), difficulty getting in or out of a car (p = 0.17), type of assistive device used, if any (p = 0.40), walking distance (p = 0.28), degree to which the hip affects performance (p = 0.45), degree to which the hip influences social activity (p = 0.42), degree to which the hip affects patient wellbeing (p = 0.16), and overall patient satisfaction (p = 0.42). We observed no correlation (r = 0.180; p = 0.45) between femoral head penetration and the volume of reactive synovitis among the 33 hips.
Discussion
Particle disease with subsequent osteolysis is one of the major limitations of modern THA and among the leading causes of late failure. Despite its clinical and economic importance, little is known about intraarticular pathology prior to the radiographic appearance of osteolysis, primarily due to limitations in the ability to detect the early biologic response to wear particles. MRI is an emerging technology for imaging of patients with total joint arthroplasties that can visualize synovitis and osteolysis [39, 52] . The aims of this study were to use MRI to identify the early incidence of reactive synovitis and osteolysis in asymptomatic patients following THA, and to determine if there is an association between these MRI findings and either clinical outcomes or radiographic wear measurements.
We note several limitations. First, in the absence of tissue samples, we are unable to confirm whether the synovitis seen on MRI represents particle-induced synovitis. MRI can differentiate among different synovial patterns [39] , and although the reactive synovitis seen in this study shared identical signal characteristics to what has been documented as particle reaction in two previous studies [39, 52] , there are other potential causes for synovitis that could share these same signal characteristics. That none of the patients had a diagnosis of inflammatory arthritis makes it unlikely that this synovitis represents longstanding disease. Furthermore, since none of these patients had clinical symptoms of instability, synovitis was unlikely to be caused by micromotion. Some studies have raised concern that wear particles from highly cross-linked polyethylene may be more bioreactive despite lower wear rates [13, 22] , which could potentially explain this reaction. Second, we had short-term followup. Midterm MRIs might demonstrate a greater degree of synovitis and osteolysis, which might then better correlate with clinical results or radiographic methods of wear detection. Third, performing an early radiographic method of wear detection might lack the necessary precision to provide meaningful measurements. Fourth is the small numbers in each of the bearing surface subgroups that prevent appropriate statistical analysis to detect any differences between these groups. Fifth, we have no data for other types of hard-on-hard bearing surfaces, such as metal-on-metal or ceramic-onmetal articulations. Although these limitations affect how broadly we can interpret our findings, they do not jeopardize the conclusions that we have made based on our data.
Our observations demonstrate early reactive synovitis is common, with 39% of patients showing evidence of synovitis on MRI, while osteolysis was essentially nonexistent. Apart from literature on early metal hypersensitivity reactions and aseptic lymphocyte-dominated vasculitisassociated lesions associated with metal-on-metal bearings Overall patient satisfaction r = 0.207 0.29 [28, 35, 36, 53] , there have been no studies published on early intraarticular pathology such as the reactive synovitis in this study. Studies of early wear disease are also limited, probably due to difficulty in detection using established methods, and are restricted to those that use computerized methods of radiographic wear detection [9, 15, 17, 26, 27] . Our finding that osteolysis is rare is consistent with the literature examining these same newer-generation bearing surfaces (Table 3) [2, 4, 11, 15, 19, 23, 25, 29, 34] . These studies failed to detect osteolysis on radiographs; the only study from this group that identified osteolysis did so using CT [29] , echoing the point that these lesions are small and can easily be missed on radiographs. Reactive synovitis, while common, is also asymptomatic at early followup. We found high functional scores and no differences between the patients with and without these MRI findings. Periprosthetic osteolysis has been described by Marshall et al. [32] as ''a silent disease that can progress without symptoms until catastrophic structural failure or mechanical loosening of the implant components occur,'' and this claim has been substantiated in other studies [12, 18, 21] . If this reactive synovitis does represent early particle disease, it should not be unexpected that we failed to associate its presence to clinical outcomes at this early stage.
Although we failed to demonstrate an association between MRI findings and the radiographic wear measurements, this should not be surprising given the time at which these measurements were made. Studies examining radiographic wear rates detected by two-dimensional manual techniques, two-and three-dimensional computerassisted techniques, and RSA are typically performed at a longer average followup (ie, 5 to 20 or more years) [4, 10, 11, 16, 24, 25, 30, 33, 49] . These methods may lack the precision necessary to yield meaningful wear measurements for short-term followup in hips with small amounts of wear [31] . Early wear measurements are also complicated by a ''bedding-in phenomenon'', generally thought to account for a substantial amount of measurable head penetration in the early postoperative interval, that results from a combination of settling of the modular liner and creep of the polyethylene [37, 47, 48] . For these reasons, there are scant data in the literature examining wear rates at a similar postoperative time; studies by Digas et al. [9] and Garvin et al. [15] , both of which used a similar postoperative interval of two years, were able to demonstrate measurable amounts of wear.
While we found osteolysis was rare at early followup we observed an unexpectedly high incidence of reactive synovitis occurring soon after elective THA. It is clear synovitis can occur in the absence of symptoms and is not correlated with radiographic wear measurements at this early postoperative interval. Questions that must be raised going forward are the etiology of this reactive synovitis and whether it will become clinically important over time. * C-C = ceramic on ceramic, M-XLPE = metal on highly cross-linked polyethylene, M-M = metal on metal, C-XLPE = ceramic on highly cross-linked polyethylene.
